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Hydroplaning formula

v=6.364p

km

Vehicle velocity: V 1n
hour

Tire pressure: p 1n kPa
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Navier-Stokes equations

Incompressible Newtonian fluid

Inertia (per volume) .
Divergence of stress
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Tire construction

Tread

Nylon belt Steel belt |
Plies

Liner Sidewall

Filler
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‘real’ tire

I Breaker 1
[ Apex
L 1Py
B Liner
N GSTG
[ Chafer
[ Sidewall
[ ] Miniskirt
[ Tread
I Bead
I Breaker 2
[ Begs
[ Overlay
B \Vinibase
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Rolling tire model
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Rolling tire model

Oscillations

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
time [s]
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Rolling tire model

Problem
Oscillations — for
Reynolds

0.6;

0.4F

02 | | | | | | | |
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Solutions?
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Solutions?

® Contact penalty
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Solutions?

® Contact penalty

® [ime step reduction
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Solutions?

® Contact penalty
® [ime step reduction

® Mesh refinement
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Solutions?

Contact penalty
Time step reduction

Mesh refinement

Move road (in FSI)
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Solutions?

Contact penalty
Time step reduction

Mesh refinement

Move road (in FSI)
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Fluid Structure Interaction
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Fluid Structure Interaction
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Fluid structure interaction

® Monolithic vs. Partitioned
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Fluid structure interaction

® Monolithic vs. Partitioned
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C vs. Partition
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Classical staggering
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Classical staggering

4 . )
Elastic
. tire )
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Classical staggering
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Classical staggering
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Classical staggering
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Classical staggering
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Interface Quasi Newton
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Interface Quasi Newton
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Interface Quasi Newton
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Abaqus - Matlab
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Abaqus - Matlab

‘Subroutine
_ VUFIELD |

‘Subroutine
DSLOAD |
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Abaqus - Matlab

‘Subroutine
_ VUFIELD |
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Abaqus - Matlab
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Results
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Results: Benchmark

Analysis User's Manual

Volumme L Introduction, Spatial Modeling,
Execution & Output

Versi 67 - -
o FI“WISI““ v2.5 by CAPVIDIA

2 This program is protected by Russia and international copyright laws

SIMULIA
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Results: Linear elastic tire
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Results: ‘real’ tire

B Benchmark
" Reynolds + Bernoulli
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2
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Speed [km/h]
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Results: ‘real’ tire

B Benchmark
@ Reynolds + Bernoulli
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Results: ‘real’ tire

B Benchmark
" Reynolds + Bernoulli
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Footprint

Reynolds + Bernoulli Benchmark

File name: reynoldsédl File name: fai FV
FCPP 57iM - AMAQUS Complete footprint FCPF 5718 - AMQUS Complete footprint
Comment FBI Footprint @ 90 km/h, Reynolds Per. Int. 8TD Comment FBI Footprint @ 90 km/h, FV Per. Int. 8TD

Gross Area - Splire - Mesh - Conmvex Mull S— ur of Gross Area - Splire - Mesh - Convex Mull
Ty ———y Y ————— —_— - Y= v

CIRCING"

b
L M LATERAL

o 39 4 2.0 2.0 & J 2 0 239 4 2.0
Coantod  Tnt B0 J00% 5 qaniedl peers b AW - g Coantod  Tnt 08I0 5 qoniudd peess b I
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Footprint

Reynolds + Bernoulli Benchmark

o

Fi name: reynoldsédl
F 571N - AMQUS Complete footprint
't FB8I Footprint @ 90 km/h, Reynolds Per. Int. 8TD
ar of Gross Area - Splire - Mesh - Conmvex Mull
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Fast!?

® Benchmark: 24 - 48 hours / 16 CPU’s
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Fast!?

® Benchmark: 24 - 48 hours / 16 CPU’s

® |nterface method promising

-
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Research question

Can we model hydroplaning fast and
accurate using lubrication theory!?
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Research question
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accurate using lubrication theory!?
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Research question
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accurate using lubrication theory!?
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Research question

Can we model hydroplaning fast and
accurate using lubrication theory!?
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Research question

Can we model hydroplaning fast and
accurate using lubrication theory!?
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Hydroplaning

Lubrication theory

51
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Problem description
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Problem description
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Newton’s 2nd Law

F —
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Moving control volume

po(v(z,y, 1) = b

| \%
Infinitesimally small fluid element
of fixed mass moving with the flow

]
TUDelft

Thursday, January 21, 2010



Moving control volume

!

pE(V(fIT, Y, <, t)) =b

E)V ov dx I v dy I ovdz b
P\ ot T oradt  Oydt " Bz dt

| \%
Infinitesimally small fluid element
of fixed mass moving with the flow
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Moving control volume

po(v(z,y, 1) = b

E)V ov dx I v dy I ovdz b
P\ ot T oradt  Oydt " Bz dt

p(ﬂ v - VV) —
)

| \%
Infinitesimally small fluid element
of fixed mass moving with the flow
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Moving control volume

!

pE(V(fIT, Y, <, t)) =b

E)V ov dx I v dy I ovdz b
P\ ot T oradt  Oydt " Bz dt

p(ﬂlv Vv)z
)

_-——-—"'?
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Body forces
Y

0]

0)

j_
0)

zzZ
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Body forces

= f
th V- -0+
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Body forces

—Y7cr+f

Orz + P Try Txz
Tyz  OyytDP Ty
T2z T2y Ozz+ P
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Body forces

—Y7cr+f

Orz + P Try Txz
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Ty Oez+D

]
TUDelft

Thursday, January 21, 2010



Bored?

® Existence

® Smoothness

EMATICS

.—.{
L_l
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® Existence

® Smoothness
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Assume: no body force

Divergence of stress
“

0= -Vp +puViv+ _f
Pressure  Viscosity Other

gradient body
forces
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Assume: no body force

Divergence of stress

“
) = -Vp + uViv.

e e

Pressure Viscosity
gradient
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Assume: [l constant Q_

o
N 'ué’zz
0 v

= Hor,

= ()
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Assume: [l constant . |

o
N 'ué’zz
0 v

Conservation of mass:
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Reynolds equation Q_

3
v
12u

Reynolds (1886)
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Squeeze

® |terative scheme:
® Solve the pressure
® Determine velocity

® Re-solve Reynolds, including inertia
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Sliding: iterative | DQ_

op
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Sliding: iterative | DQ_

du,\  dp
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Sliding: Average | DQ_
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Sliding: Average | DQ_

Independent of

(" u ou
u Fw— dz
\ Ox 07
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Sliding: Iterative & Average 2D |,

N
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Sliding: Iterative & Average 2D Q

P
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Inlet condition -

® Stagnation pressure

L,
= —pV
PZP

® Energy & Momentum correction

® Converges to zero
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Fillraee ()

_p3 i
V-( pr+Uhf):O
120

p=¢for £>0
f=1for ¢=0
f=1+c, for ¢<0
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Models

® Elastic half space

® Abaqus/Explicit model

1V

N

® ‘real’ tire
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Elastic half space

Half —space

Elastic body
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Elastic half space

® |nfluence matrix:

(%% Ty
2
w (xiv yj) = W; 5 ~ E Dz’jklpkl

b’

k=1 [=1

zgkl —// \/ dﬂf/dy/
2

(x —2')" + (y =)
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Elastic half space
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ODB: gw2.0db A

=0.0

0: Step Time

t_inflate_deflect

Step: moun
Increment
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Problem: oscillations

I U D e | ft ——  RF1 Pl: PART-1-1 N: 24000 NSET ROADNODE
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Eigenmodes!

Scale Factor: +1.00

U, Magnitude

+1.104e+00
+1.001e+00
+9.172e-01

+8.338e-01
+7.504e-01
+6.670e-01
+5.837e-01
+5.003e-01
+4.169e-01
+3.335e-01
+2.501e-01
+1.668e—-01

+8.338e-02
+0.000e+00

ODB: eigen1254998844.96261.04 "8-1  Thu Oct 08 12:45:01 CEST 2009

Step: Step-1
9: Value = 7.93518E+06 Freq = 448.33 (cycles/time)

! Mode
I U D e I ft Primary Var: U, Magnitude
Deformed Var: U Deformation Scale Factor: +7.999e+00
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Problem: En

ergy
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Monolithic vs. Partitioned

@ta exchange
Extemal boundary

Extemal boundary

Continuous solution at ; . ; ,
locit Al the interface boundary differences can occur in:
YRRy velocity

location of interfa™ location of interface
pressure (stresses) pressure (stresses)
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Monolithic vs. Partitioned
il wl”. s ; - |

5 3
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Interface Quasi Newton

Half —space

~

’
Elastic
half-space

Elastic body

Rk

3 ‘Reynolds
. model|
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Interface Quasi Newton

Half —space

~

’
Elastic
half-space

3 ‘Reynolds
. model|
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Interface Quasi Newton

Half —space

~

’
Elastic
half-space

3 ‘Reynolds
. model|
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Abaqus - Matlab

B
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Abaqus - Matlab

B na

MATLAB

Analysis User's Manual
Volueme I Introduction, Spatial Modeling,

Execution & Output E i
\

—_ _'."
B ——

o I ——

Version 6.7

S

SIMULIA

Copyright 19842004, The MathWorks, Inc.
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Abaqus - Matlab

® Mesh mapping
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Abaqus - Matlab

® Mesh mapping

]
TUDelft N
| Hydroplaning - Il Lubrication - lll Tires - \ ' IV FSI -V Results

Thursday, January 21, 2010



Abaqus - Matlab

Abaqus model

Domain 2:
contact

I I >~ I

Domain 1 ittt » | Domain x

DSLOAD VUFIELD DSLOAD DSLOAD

I | I

Matlab engine Matlab engine Matlab engine
1 2 X

!

.mat file
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Results

® Elastic half space:
Speed [km/h] | Reynolds | + Bernoulli

+ Energy | + Momentum | Fill FV
inlet correction correction
50 3,14 25,56 3,14 3,14
60 3,77 36,09 3,77 3,77
70 4,39 48,45 4,39 4,39

® (Grosch wheel:
Speed [km/h] | Normal load [N]

50 214 5
15 100 3

® ‘real’ tire:

Speed [km/h] | Normal load [N] | Water layer [mm] | Reynolds + Bernoulli inlet
90 3924 3 2200

]
TUDelft

rate

3,05 | 33 | 16,36
3,55 | 48 | 33,93
4,12 | 64 | 46,66

Water layer [mm] | Reynolds + Bernoull1 inlet

30,80
3,50
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Results: Grosch wheel

]
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Results: Grosch wheel

Speed [km/h]

]
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Results: Grosch wheel

Speed [km/h] Reynolds + Bernoulli

]
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Recommendations

® Reynolds equation
® |nlet condition
® Fill rate
® Tire model
® Contact algorithm
® Fluid structure interaction

® |nterface quasi Newton

]
TUDelft

P
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